Objective-To determine the normal range of pulsed Doppler measurements of left ventricular filling adjusted for age and heart rate.
0%); isovolumic relaxation time +6-2% (3-9% to 8-4%); acceleration time -3-8% (-6-0% to -1-5%); deceleration time +7 9% (5-1% to 10-8%) . The effect of a 10 beat/min increase in heart rate was: peak atrial filling velocity + 55% (1P2% to 10-1%); peak early filling velocity -4 0% (-8-1% to 2-0%); isovolumic relaxation time -2-5% (-4-6% to 0-6%); acceleration time -3-1% (-6-4% to 0-4%); decleration time -1-8% (-4-0% to 3-8%).
Conclusion-For any individual, comparison of the predicted normal measurement and 95% CI with the observed measurement allows an assessment of the effects of disease on left ventricular filling that is independent of age and heart rate.
(Br Heart J 1992;68:608-12) Doppler ultrasound is a non-invasive tool that is potentially useful for assessing left ventricular diastolic function. Changes in left ventricular diastolic filling have been measured in a wide range of cardiovascular conditions."' A major problem, however, is that measurements of filling vary in normal subjects with both age"8 and heart rate"' making interpretation of disease related changes more difficult.
The changes reported with normal aging are similar to changes reported with hypertension, ischaemia, and hypertrophy.'2 Most studies have used a control group of similar age and heart rate or both when assessing changes with disease. This does not, however, allow an assessment of diastolic filling in individual patients that is independent of age and heart rate.
A method of adjusting for the influence of age and heart rate on Doppler indices of left ventricular filling is proposed. To determine whether the effect of age is influenced by the heart rate, or vice versa, a term for interaction was included in the regression equations. The regression coefficient for this term was not significant (p > 0 1) for any ofthe measurements, so this term was dropped.
The size and direction of the change in a diastolic measurement with change in age or heart rate is given by the slope of the regression line and r2, which measures the proportion of the variance explained by the regression. The 95% confidence interval (95% CI) for the slope is quoted.
The predicted normal measurement can be calculated from the patient's age and heart rate in the appropriate regression equation. For each patient, the error in the prediction is the difference between the observed and the predicted values. The normal range is the range in which 95% of normal people would be predicted to lie, and was estimated as the predicted measurement within 2 To calculate the normal range by the simple method, the predicted measurement is multiplied by the values given in table 2. The normal range is skewed because it is calculated from logarithms. The greatest increase in the size of the normal range calculated by the standard method compared with the simplified method was 5-6% at age 20, heart rate 85. Table 3 summarises the effect of increasing age by 10 years and increasing heart rate by 10 beats/min in each of the diastolic measurements. The effect of age was significant for all indices (p < 0-05) but the effect of heart rate A/E 0-95 (0-42) 0 66z to 1 54z
SIZE OF AGE AND HEART RATE EFFECTS
The normal range can be estimated with the approximate method by multiplying the predicted measurement (z) by the constants in the second column.
was only significant for A and A/E. Figure 3 shows the variation of In A with age and heart rate. The predicted normal measurement for A is the exponential of 3 91 = 50 cm/s and the 95% CI is between 34 cm/s and 73 cm/s (table 2) . The result can also be expressed as a percentage of the predicted normal mean. In this case A is 180% of the predicted mean for normal subjects, with 95% of normal subjects falling within the range 68% to 147%. Discussion With multiple regression it is possible to measure the effects of age and heart rate on left ventricular filling simultaneously and to adjust for these effects. This makes it much easier to measure the size of the effect of disease in individual subjects.
Linear regression assumes a linear relation between variables and constant variance about the regression line. For the isovolumic relaxation time, the deceleration time, and the peak atrial filling velocity, the spread of observed values increased with the size of the predicted measurement. Therefore estimation of the size of the normal range is inaccurate, as it is too large for small values and too small for large values. This problem was overcome by a logarithmic transformation that measures proportional rather than absolute changes. For the peak early filling velocity and the decelera- Heart rate (beats/min) Figure 3 Relation between the natural logarithm of the peak atrialfilling velocity (ln A), and age and heart rate. Ln A varies more closely with age than with heart rate.
tion time non-constant variance was not improved by taking logarithms, so estimation of the normal range is less accurate. These indices were, however, much less influenced by age and heart rate, so correction for their effects may be less important. Age had a greater effect on diastolic measurements than heart rate, and the only heat rate effect that was significant (p < 0 05) was on the peak atrial filling velocity. Therefore it may be reasonable to drop the heart rate correction for other indices. The relation between heart rate and left ventricular filling may change at high heart rates when the filling time is limited. In our study no subjects had a heart rate above 90 and it may be inappropriate to use the same adjustment for measurements recorded at higher heart rates. Overlap of filling waves may also influence measurements, and at present there are no clear guidelines on how to 
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Equations for regression of the natural logarithm (In) of diastolic indices on age and heart rate. In (index) = a + bl (age) + b2 (heart rate). IVRT, isovolumic relaxation time, E, peak filling rate; A, peak atrial filling rate; In, natural logarithm.
adjust for this. Measuring the effect of between subject differences in heart rate during a standard Doppler study has some advantages over measuring the effects of interventions such as atrial pacing'1 or the cold pressor test.9 These interventions may be associated with different changes in left ventricular filling depending on how the intervention influences cardiac output, contractility, and relaxation. Several factors other than age and heart rate are known to influence filling in normal subjects. Variation with respiration'3 can be minimised by performing the recordings during quiet respiration and taking the mean of several measurements. The influence of blood pressure and left ventricular hypertrophy in normal subjects are at least partly explained by differences in age. The relations between a diastolic index, age, and heart rate are almost certainly altered in patients with abnormal diastolic filling. '8 19 Keucherer et al showed that the relation between age and the A:E ratio measured by Doppler was different in patients with coronary artery disease. ' 
